KY—662

GDP-0394

REMOVAL OF TRACE QUANTITIES OF
NEPTUNIUM & PLUTONIUM FLUORIDES FROM

URANIUM HEXAFLUORIDE

H. PULLEY
R. L. HARRIS

prepored for the U.S. ATOMIC ENERGY COMMISSION
under U.S. GOVERNMENT Controct We7405 eng 26

Thie dosumnert has been spprevad for relesse




— »”

Date of Issue: May 15, 1975 Report No.: KY-662

Subject Category: UC-10,

Chemical Separations Processes

for Plutonium and Vranium
(TID-4500 R62, August 1974)

—n 2y
Pt‘\{o‘vl AY 0? A C

s e
NEPTUNIUM & PLUTORILM FLU
I 2T

H, Pulley ' h&lk&
¢
Ro L- Harris [N \ sl (=‘|A

Tecnnology Lebcratory Department ,“()5 .d,\w\-Q\"
&

Lezboretery Livision A v ot

UNION CARBIDE CORPORATION
NUCLEAR DIVISION

Paducah Gaseosus Diffusion Plant
Paducah, Kentucky

Prepared for the U. S. Energy Resezrch and Development Administration
under U. S. Government Contract W-7405 eng 26




-— T

ABSTIRACI

A fixed bed oxidation-reduction system has been
developed to remove parts per million quaﬁtities
of neptunium and plutonium hexafluorides from
uranium hexafluoride. The process, which has

been demonstrated on a laboratory scale, utilizes
selective reduction of neptunium and plutonium
hexafluorides on a bed of cobazltous fluoride pel-
lets and allows the uranium hexafluoride to pass
through the trap unchanged. If desired, regenera-
tion of a loaded trap may be accomplished by fluor-
ination of the pellets to recover the transuranic
elements as hexafluorides followed by hyvdrogen
reduction to again form cobaltous £fluoride.

In conjunction with the trapping process, a sampl-~-
ing procedure has been developed which is adeguate
Scer field sampling uraniuvm hexzfluoride cylinders
for that portion of the transurznic hexafluorides

which could be volatilized from the cylinder.
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REMOVAL OF TRACE QUANTITIES OF
NEPTUNILY & PLUTONIUM FLUORIDES FROM
URANIUY EIZATLUORIDE

INTRODUCTIORN
All existing commercizl U. S. power reactors utilize uranium enriched
in the **°U isotope as a fuel. The nuclear reaction chiefly results
in the production of fission products which form during fuel burnup,
but significant amounts of transuranic elements are also formed by the
. capture of neutrons by uranium atoms. Reprocessing of irradiated nuc-
lear fuels from light water reactors by the solvent extractiom process
effectively separates the uranium, but traces of neptunium, plutonium,
and fission products remain with the uranium. Plutonium is then re-
covered and the uranium is available for recycle to enrichment plants.
Very small quantities of neptunium and plutonium accompany the uranium
through the process and may be ultimately deposited in uranium conver-
.sion facilities, UF¢ shipping cylinders, and in enrichment plants.

The specification for transuranic elements in diffusion plant UF¢ feed

‘was developed in the mid-1960's by considering then available separa-
tion technologies, the expected feed rate, the properties of chemical

compounds»xnvolved and the distribution of the materlals in the feeding

*

process and in enrichment p“"“.e. A final ""“e" '*M‘ﬂ"ien vas the per-
missible equipment contamination that could be tolerated and stlll
permit eqﬁiﬁﬁEﬂL maintenance to be performed in a safe and economical
manner. - The current specification value, 1500 o dpm/gU (established

i in 1967), was based on the feed rztes expected up to 1975. On a

Lwe1gh: basis, this liziss the “*’Np to about ome part per million or
the 2%°Py to 0.01 part per million. This specificztion value repre-
sented an "as low as practicel' lizi:t inp the 1967 period. I1f the "zs
low as pracziczl" rule were followed toder. this specificztion could
be reduced substantizlly based o1 curTent tecnnology ené, indeed, LRDA
bas the matter under consideratisn  ITre technology thar makes a re-
duction in this specification limit possible is discussed in this paper.
With this background, two problems were to be resolved by this study.

First, it was necessary to develop a sampling method cha would permit
an accurate estimation of the amount of transuranics being fed to the
cascade at the low ievels required. Secondly, a method was desired to
accomplish a reduction in concentration of transuranics beyond that

obtained in the solvent extraction step of the fuel reprocessing cycle

Some fifteen or more years ago the Paducah Plant started processing
production reactor return uranium to UF¢ and feeding it to the diffu-
sion plant. This reactor material contained small quantities of
neptunium and plutonium, and both elements have been found in diffu-
sion plant deposits. The chemical reactivity of the hexafluorides of
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intennst 13 in the onder PuFS>HpR>UFe. Plutonivm hexsfluoxide 4s
conofderably mora resctive and mors‘eastly reduced to the tonvolatile
tatravalent stete than ia neptonimm hexafluorida. The greater stabil-
Ity of NpFs results in it being more easily txuneferred along with tha
UPq during vaporlzatios. Both veptunfum end plutonium have been found
in cascade equipment, and as éxpected, neptuxfim 4is present in lazgayx
amounts, It 42 antdlelpated that asy procedure which efFecrivaly ra~
woves the neptunium will also bo-adequate foxr removal of plutonium.

A trapping process was developed thet achfeved a decontamtnacion Factvor
of 200 to 400 for veptumium and 10,000 to 100,000 for plutonium. The
trapping wmatexial {8 oobaltous flusride (CoPa) which operates by re-
ducing the volatils bexavalent transursnic fluorides tp the noanvolatile
quedravalant flunrides. The cobhaltons £luoxida, while somewhat ex—
pencdve, 18 avallshle commeralally, i= Inect ta UPs, and can readily
ba hapdled and couvertad ¢¢ & usabla granular materis) thar 1s suitable
for larpe-scala use. This raport desexibes the development of the
cobajbous fluoidde trap ineluding the methods wsed o preapare the gran-~
ular trapping naterial. The suwwpling studies and experimental detalls
ara desoribed dn the appsndix.

EXPFRIMENTAL

Praviqus esperlence with purificatfon of UF¢ suggpestad that the most
ptraightforwand deconiamivation procedure seemed to be to develop o
txapping procedurs which would yemove the traces of neptunium and plu-
tondum withont affecting the UFg. The task thea became simply to £ind
a materisl that would accowplish the deaired goal. In addicion, the
trapplug mwaterlal should be available at & ressonable price, muot ba
capsble of beinp foxmaed into & sultsble shape for contacting tho URy, ;
and wust have suitabla propertles to persdt handling without requiring -
tmususl procedures. , A . : - !

There ara two trapplng mechanisms which could possibly be usefyl: the
materisl could sdsorh or complex the neptunivm zud plutonfum, o¥ tha
matarial could resct to changa the chemlcal form of the neptumiue and
plutonivm, AL the same tfme, the material must be inert toward UFe¢..
This inertnesa requiremsnt sevexely limits the munber of possaible mata-
wials. As a Fiwst approximation, ane can consider only inorganie couw~
paunds, and these would be largely limited to fluoridaa.

Scoping Tests

A laboratory system was fabhrleated to allow siwelraeous scoping tests
on ageveral metellie flucrides. %Tha £luorides of Ba, Um, ¥, Li, Mg, Wa,
Sr, ¥4, Cu, and U(IV) were exposad to 152 mm of static NpFe vapor at
various temperatures from 95° to 400°C for 115 hours. The flusrides,
about 100 wmg of each, werxs pleced in micro nickel boats in a l-Lnch
reaction chamber, drled by expogure to £luorine at-150°C fox 24 hours,
and evacvated at 315°C to remove the HF formed during drying. The dry-
ing of OF. was accomplisbed without che use of fluorime by evassatiag
at 150°C. The reactor temperature was then adjusted to the Qesirved
valuz and NpP¢ vapor admittad. During the teat, the NpP, was removed
periodically and 8 fresh charge admltted., Following tha expopure, the
entire sample was dissolved in 6 N HENO3+0.1 M AL(NO.); for analysis.
Table 1L summarizes the rasulty.




Table 1

SORFTION OF NpF¢ EY METAL FLUORIDES

Neptunium Absorbed, %
(g Np/g metal fluoride)x 100

Surface
Area
Material M%/p 95°C  150°C  260°C.  400°C
*Initizl
NpF¢ Pres., mm 152 152 152 152
- L4F 3.0 - 1.1 0.47 3.1
NaF 0.6 - 102 177 162
KF 0.1 - 21.8 172 258
MgF, 116 - 5.5 5.8 1.7
CaF. 20.7 - 2.0 3.2 18.4
SrF, 25.7 - 1.8 5.7 9.5
BaF, 2.3 - 0.4 10.5 39.1
NiF, 32.5 - 1.6 - -
CuF 2.3 - 0.02 - - -
KIF;  85.5 - 1.0 - -
UF. 0.9 8.1 - - -

*Pressure variec frex 1532 = to 10 mx during -
exposure due to consumption and/or reduction
of NpFe.

An evaluation of the data from the scoping runs indicated that four of
the fluorides, Na¥, KF, BaF:, and MgF:, were possible candidatres. Po-
tassium fluoride trapped the most neptunium, but the extreme hydroscopic
nature of this compound would introduce difficulty if used on a plant
scale. Likewise, NaF is undesirable due to the fact that it complexes
with UF¢ at bed temperatures below 409°C. UF., which also showed some
sorption, is not inert to UFs. In view.of this, MgF. and BaF.; were
chosen for testing in a2 dynamic sorption system.

For the dynamic tests, smzll pellets were prepared and a trap 7/8-inch
in diameter by l-foot long was constructed. 7The pellets were prepared
using water for agglomeration om a rotating disk pelletizer following
the procedure of Richardson and McNeese.® The physical properties of
the pellets before drying are shown in table 2. Prior to use, the
pellets were dried with fluorire at about 150°C.

'Pichardson, E. W., and McNeese, L. E., United States Pctent
Ne. 2,372,00¢, March 5, 1968. :
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Iable 2

PROPERTIES OF METAL FLUORIDE PLLLETS

MgF, Bar,
Mesh Size -8, +12 -&, +10
Surface Area, 4°/g 130 0.3
Void Fraction 0.35 0.56
Moisture, % 10.2 0.04

(before drying)

The materials were tested by passing a stream of UF¢ containing 90-140
ppe NpF¢ through the traps. Neither trap was particularly effective
with the MgF, trap reducing the neptunium concentration from 142 to

26 ppm while the BaF: unit reduced the concentration only from 89 to
€3 ppm. Other details of the runs are given in table 3.

Reduction Studies

While the MgF, showed some promise, it did not achieve the desired de-
contamination. Attention was next directed toward materials that might
react with the transuranic £luorides. The actinide hexafluorides are
produced with increasing difficulty as one proceeds through the series
U, Np, and Pu. Although zll of these hexafluorides are considered very
reactive, differences do exist in their relative stabilities. This inp-
formation suggested that by carefully choosing a reactant and conditions

one could selectively reduce a2 less stable hexzZluoride in the presence
of one which is more stable.

Appiicztion of this reasoning led tc a search Zor z materizl wnieh would
preferenzizlly reduce IipFe and Pufe to the tetravalent state vet not
react with UF¢. TFree energy calculztions indiczted that certzin lower
velent fluorides such as FeFa,, AgF, CoF:, and Pdr; were promising mate-

rials. Due to econormic considerations and svailabilicy of the metzl
fluorides, FeF; and CoF, were chosen for initizl testing. The FeF; was
quickly eliminated from consideration when the initizl tests showed
that it reduced UF¢ and CoF:; did not.

Cobaltous fluoride powder was obtained from the Harshaw Chemiczl Com-
pany and was pelletized in the same manner as the BaF; and MgF.. How-
ever, the finished pellets had insufficient physical strength for use.
Since CoF; is somewhat soluble in water, tests were conducted to deter-
mine the effect of adding an excess of water during or after the pellet-
izing process. Simultaneous experiments were conducted to study the
effect of sintering the CoF, pellets. It was determined that Cof:
pellets exhibiting poor physical strength could be sintered at about
650°C in an znhydrous HF ztmosphere to impart the desired physical
strength. It was determined also that CoF. powder pelletized in the
normal manner followed by "wetting'" the finished pellets with a water
spray resulted in pellets possessing the necessary pnysical strength.
This procedure was used rather than sintering.




Table 3

NpF¢ TRAPPING ETUDIES BY SORPTION

MeF, BaF,
Operating Conditions ‘
 Weight in bed, g 107.9  185.2
Temperature, °C 121 121
Superficisl velocity, ft/sec 1.30 0.65
Av. inlet conc., ppm Np (U basis) - 142.0 89.4
Av. outlet conc., pﬁm Np (U basis) 26.0 83.0
Length of rum, hrs 4.5 1.75
Bed Analvses
First inch from inlet end:
Np, mg 32 0.41
Np/metal fluoride, mg/g | | 2.69 0.01
Next two inches: . :
Np, mg 34 0.024
Np/metal fluoride, mg/g 1.49 0.0005
Last ﬁine inches: V,V
K, mg . 136 0.026
Np/mezzl fluoride, mg/g ©1.85  0.0002
Kp retzimed In trap, « of amount Zec 48 0.4
Totzl Kp fed, mg 420 11l
Toczl Np in trazp, mg 202 0.5

After forming, the pellets contain about 30%Z water which must be re-
moved prior to use. Thermobalance studies indicated that the water
could be reduced to about 1% by heating in nitrogen or EF to 315°C,
Above 315°C some deterioration was noted along with a decrease in the
surface area. Table &4 gives the results of several drying experiments
under different conditions. Chemical analysis of the dried pellets
shows negligible deterioration in either nitrogen or HF (theoretical
Co is 60.8%Z), but there was some decrease in surface-area in HF. This
surface area decrease could be attributed to incompletre HF removal, but
the point was not resolved since a nitrogen atmosphere seemed to be
quite satisfactory and is obviously simpler and less expensive. An
additional confirmation that the nitrogen dried pellets were satisfac-
tory was obtained by an x-ray diffraction analysis which showed that
only CoF, was present. Nitrogen drying was therefore adopted.
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Zable 4 . B

RESULTS FROM CoF: DRYING EXPERIMENTS

Termp., E.0, Co(1D), F, - Surface Arez,

Conditions ‘C " " " % /e
HF Dried 315 1.2* - - -

HF Dried 315 1.4 59.8 38.3 £.2
HF Dried 205 1.8 55.7 38.2 8.7
Rz Dried 315 1.0 - - -

Nz Dried 315 1.6 60.9 37.4 20.2
K2 Dried 260 1.7 60.3 37.6 "25.4

*Calculated from thermobalance data.

One brief further word about drying. During the course of the drying
experiments, it was noted that removal of the 1% residual water can be
accomplished by treatment with fluorine at elevated temperature. Tnis
oxidizes the CoF., to Cof, which must then be reduced with hydrogen

back to CoF,. This process was used as an analytical procedure for

water and was also used to provide absolutely dry CoF:; for the one
plutonium trapping run. The physiczl properties of the pellets are
not affected by this single crcle of oxidation and reduction.
To test the pellet efficiency, z trzp was constructed with cimensions
similar to chose used in the MgF: tests (7/8-in x 12-in.). The test
svstem, shown in Zipure 1, was designed to provide & continuous Supply
f UFe with 2 NpFe concencration e 10-30 ppm. A metered stream of
heliuz, used as cazrrier gas, was tassed through & storazge cylinder con-
tzining z UFe¢-KpFfe mixture of known concentration. 4fter saturation of
the helium with the UF¢-KpFe mixture, it passed into the nickel mixer
where it was diluted wizh z larger stream of UF¢. The mixture was then
fed to the CoF; trap with hourly sampling of the inlet and outlet gas
strezams. A UF¢ mass flow of 1.02 kg/hr was used for each run. At the
termination of each run, the contents of the trap were analyzed for
neptunium and uranium. Conditions for the runs are shown in table 5

and the results of bed aznzlyses are shown in table 6.

The data from the scoping studies indicated that CoF; would remove
neptunium at 100°C but that a greater trapping efficiency would be
realized by operation at the higher temperatures of 150°C and 226°C

as shown by the lower outletr concentrations and higher decontamination
factors at the higher temperatures. LIxamination of the bed loading
data also shows that the higher temperatures result in more eificient
trap operation. To show this more clearly, some of the data from table
6 have been plotted in Zfigure 2. Here the bed loading, as represented
by the neptunium concentration in the first inch of bed material, is
plotted as a function of temperature. The data, normalized for feed
rate, indicate that substantizlly higher loading is obtained at 150
and 226°C.
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Table 5

NEPTUNIUM SCOPING RUN CONDITIONS

226°C*

A B 150°C 100°C
Av. Inlet Conc., 24,40 40,40 28.00 41,50
ppm: Np (U basis)
Av. Outlet Conc., 0.61 0.58 0.24 1.70
ppm Np (U basis) :
Length of Run, hrs 9.75 5.25 16.00 10.00
Superficial Bed 0.40 0.40 0.31 0.27
Velocity, ft/sec
Residence Time; sec 2.5 2.5 3.2 3.7
Decontamination Factor 40 70 117 24

*The same bed material was used in runs A and B.
The inlet concentration was increased after 9.75 hours.

The conclusion from these scoping studies was that CoF; is effective
for removing Npf¢ from a UF¢ vapor stream over a wide temperature range,
and designs incorporating longer retention time a2t lower temperatures
or vice versa are possible. An empirical evzluation of the scoping
data indicated that 150°C would be most advantageous for additiomzl
laboratory studies.

To define the importan:t operating conditions further, Tuns were made o
evaluate the effects of bed length, gas flow velocity, bed temperzture,
znd Hpfe gas concentration on the retention elficiency of CoF; for NpFe
in a UF¢ vapor stream. The experimental apparatus used for these studies
was the same as before except that a second 4~foot long CoF; bed was
added in series with the l-foot trap. Provisions were made to sample
the gas stream at the inlet to the trap, after one foot of CoFz, and

at the outlet of the 4-foot trap. The experimental procedure was the
same as for the scoping rums.

The NpF¢ trapping system was operated for 58 hours with an average inlet
concentration of 93.5 ppm Np (U basis) to obtain an initial loading on
the trap. After this perlod, consecutive experiments evaluated the vari-
ables of inlet concentration, trap temperature, and superficial bed
velocity. Initial operating conditions, except superficial bed velocity
which was increased from 0.29 ft/sec to 0.50 ft/sec, were then resumed
until breakthrough of the l-foot trap section was indicated. The inlet
concentration was then reduced to approximare actual "clean-up" condi-~
tions and additional dataz obtained. The loading study was terminated
afrer 226 hours of flowing time, and znalyses of material from respec-
tive bed sections were made. A summary of the conditions for the loading
studies and parameter investigations is shown in table 7. Results of
the bed analyses are shown in table 8.




Table 6

BED ARALYSES FROM HEPTUHIUN SCOPING STUDIES

226°C 150°C 100°C

First 1" Next 2" Last 9" First 1" HNext 2" Last 9" First 1" Next 2" Last 9"

of CaoFy: 'of CoF, of CofF, ol CaF, of CoF; of CoF, of CoF, of CoFy; of CoFg
Total Np, mg 360 67.0 62.6 136 147 171 143 53.7 125
Np/CoFa, mg/g 48.0 6.0 1.26 22.2 15.1 3.31 14.5 4.07 2.59
*Total Np
Trapped, mg 497.8 460.3 327.7
Total Np
Fed, mg 560.0 411.0 315.0
Np Recovered, % 89 112 104

*Includes neptunium found fn hed analysls plus neptunium found in trap wash.

o
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Table 7

OPERATING CONDITIONS FOR CoF, LOADING STUDIES

Flowing time, hrs 58 20 22 34
Temperature, °C ‘ 150 150 226 150
Pressure, psia 14.7 14.7 14.7 14,7
Superficial velocity, ft/sec 0.29 0.25 0.25 0.50
Residence time, sec 17.2 20.0 20.0 10.0
Av. inlet-1 conc., ppm Np (U basis)? 93.5 17.0 9.8 9.0
Av. outlet-1 conc., ppm Hp (U basis)’ G.Li/ 0.67 0.18 0.58
Av, outlet-2 conc., ppm Np (U basis)"” 0.12 0.08 0.05 0.04

Decontamination Factors

First foot 15 25 54 16
Last 4 feet 51 (8)3j (h)i/ (15)
Overall : 180 210 200 230

! Breakthrough occurred in the 1-foot trap during this perlod.

? Inlet concentration to the CoF, trap.

® Qutlet concentration after the 1-foot trap.

* Outlet concentration after Lthe 4-foot trap.

® Values probably low because of low inlet concentration.

]

Believed to be contaminated.

s/

14
150
14.7
1.0
5.0
13.3
1.07

0.03

12
(36)=
4490

381/

150
14.7
0.50
10.0
106
47.6

0.40

119
270

28

150

14.7

0.50

10.0

23.4

8.0

0.03

160
780

- —

9T



Table 8

EED ANALYSES FROM NpF¢ TRAPPING RUN

Ko Found
Cumula- U Conc.,

Sample Origin £ u* tive, Zx* P
First inch of Cof;

from inlet end 0.74 10.2 6.4 1.8
Next 2 inches 1.56 11.8 20.0 2.2
Next 9 inches 4.55 7.3 59.6 7.5
Next foot 2,26 3.3 79.2 9.1
Next foot 1.11 1.6 88.9 12.7
Next foot 0.62 0.8 94.3 13.8
Next foot A 0.16 0.2 95.7 14.3

*Based on amount found.
**Based on amount fed.

In evaluating the data obtained in the investigation of the process
parameters, it was concluded that trapping efficiency does depend to a
degree on inlet concenzration. Reducing the inlet concentration from
23 to 17 ppm Np (U basis) had little significant effect on the trapping
efficiency of the l-foot section, but the overzll decontamination facter
for the 5-foo:z trazp éropped £rom 780 to 2110 and the outlet neptunium
concenzration dropped Zrom 0.12 to 0.08 pom. Increasing the temperas-
ture Zrom 150°C to 226°C resulzed im z slight improvement in :rappiag
efficiency oniy Zcr the l-foot section. The difference between 0.25,
0.50, 2nd 1.0 ft/sec superficizl bed velocity was negligible Zor the
5-foot section and had only =z slight effect on the l-foot seczion.

At the terminztion of the loading studies, 11.5 g of neptunium had

been fed to the system. Based on the bed analyses, table 8, “60% of
the neptunium was retazined in the first foot. Overall, 95.7Z of the
neptunium fed was accounted for in the bed. It is believed that the
slightly low recovery percentage was caused by some of the particulzte
NpF. which had been retained on the CoF: pellet surface becoming en-
trained in the UF¢ gas stream. A portion of this would be deposited
throughout the length of the trap with a small percentage passing out
the outlet of the trap. The gas samples were taken through sintered
metal filters which precluded any indication of such occurrence. This
theory is supported by the data which shows that the first inch of CoF,
contained less neptunium than the next 2-inch section. A filzer at the
trap exit could easily eliminate the solid carryover. Figure 3 illus-
trates the distribuzion of neptunium throughout the trap.
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The Cof; bed material underwent a color change from plnk to-shades of
brown upon exposure to NpFe. The brownish color was more distinc: in
the f{irst few inches, decreasing in intensity progressively from inlet
to outlet zs the Cof; was converted to CoFs. Analyses of the bed mate-
rial by x-ray diffraction after exposure to NpFf, confirmed the presence
of NpF.. Valence anazlysis of the neptunium indicated that all of the
neptunium present was in the tetravalent state. These data confirm
that the trapping svstem operates as an oxidation-reduction syster as
shown in equation 1.

KpFe + 2CoF; = NpF. + 2CoF, (1)

Considering the overall 5-foot length of the trap, .an average decontam-
ination factor of 370 was obtained before brealithrough occurred in the
first one-foot secrion and for the complete run an average decontamina-
tion factor of 416 was observed. The decontamination factors given in
table 7 are plotted as a function of trap length and shown in figure 4.
Only data where the inlet neptunium concentrations were in the Tange

of 5-100 ppm were used to construct the graph since the decontamination
factor appears to be somewhat a function of gas concentration. These
data indicate that decontamination factors of 600 can be achieved with
2 trap length of 6 to 7 feet which is a quite feasible trap length.

It is concluded that a practical method has been developed for the

selective removal of neptunium from a UF¢-NpF¢ stream containing up
to about 100 ppm Np (U basis) (156,000 o dpm/gl). A loading factor

in excess of 3% of the bed weight can be obtained with a single trap.

Gas veloc1t1es up to 1.0 ft/sec zre satisfactory at a bed temperature
of 150°C.

It should be noted that the loading datz presented here do not represent
& Co¥: trap loaded to the maximum concentration of neptuniuzm. Because

of the time element znd the zmount of neptunium that would be required

to reach maxinmum conceu::a:zon, the gozl was to operzte the system ornliv
To the exten:t of attéining & brezkthrough in the 1-7oot seczion. A4Ar the
terzinztion of the run, this gozl had been reached zlthough a2 decontam-
ination factor of 2 was still evident for the l-Ifoot section. Obviouslv,

the loading factor of 32X of the bed weight is a conservative figure.

To generate trap design criteria, an experiment was conducted to deter-
mine the pressure drop of a packed CoF; sorption trap. A trap 5-feet
long by l-inch in diameter was packed with CoF, pellets and mounted
vertically. Nitrogen was passed through the trap at 22°C and 14 psia.
The pressure difference between inlet and outlet at various gas veloc-
ities was determined. The data are shown in figure 5.

While PuFs should be more easily reduced than NpFe¢, a run similar to
the last neptunium run was made to develop operating parameters for
plutonium removal. The same system, using only the l-foot long trap,
was used. The effects of plutonium concentration, reaction tempera-
ture, and gas velocicy were investigated.
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In previous neptunium removal studies, it was observed that approxi-
mately 105 of the bed weight was composed of uranium &t the termwination
of the run., This was due to the reaction of UF, with residuzl water in
the pellets. Uranium retention would not be of serious consequence in
the field decontamination of depleted uraniur but would be undesirable
when using enriched uranium. One of the objectives of the plutonium
removal studies was to investigate uranium retention on a dry CoF; bed.
Since it was previously determined that Cof, pellerts could not be com-
pletely dried using either HF or nitrogen, the pellets were subjected
to a fluorine oxidation - hydrogen reduction cyvcle to ensure complete
dryness. The loaded l-foot long trap was dried in nitrogen at 260°C
and then treated with fluorine at 230°C followed by hydrogen at 260°C.

The run summarized in table 9 was conducted as before. After 52 hours
the plutonium concentration was raised from 700 ppb to 8,000 ppb and,
while still at a high concentretion, the trap temperature was reduced
from 150 to 100°C. Finally, the gas velocity was increased to 1 ft/sec,
four times the previous velocity. As was expected, plutonium was easily
reduced by the trap and, even though only a l-foot trap was used, de-
contamination factors near 100,000 were obtained for most "of the rums.
None of the changed operating conditions significantly affected the
trap performance. It is concluded that the trap can be operated under
a wide variety of conditions of temperature, flow, and plutonium con-
centration and still effectively provide satisfactory plutonium
decontamination. ‘

Table 9

PuF¢ REMOVAL STUDIES

Phase 1 2 3 &
Tlow time, hrs 22 24 24 1t
Superiiciel gas

velocizy, ft/sec . 0.25 c.25 . 0.25: 1.0
Pressure, psiz 14.7 14.7 14,7 14.7
Trap temperature, 'C 150 150 100 150
Residence time, sec 4.0 4.0 4.0 1.0
Av. inlet, ppb Pu 700 7993 5747 889

(U basis)

Av. outlet, ppb Pu - 0.08B 0.06 0.05 0.01
(U basis)

Decontamination Factor 8.8x10° 1.3x10% 1.1x10° 8.9x10°

At the tercination of the removal studies, the CoF; trap was emptied.
Approximately one~half of the pellets from the first inch adjacent to-
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the trap inlet were light brown in color, characteristic of CoF,. It
appeared that most of the Puf, had been reduced in this bed section.
The pellets still possessed good physical strength. Samples of the
bed materiai were analvzed for total plutonium, total uranium, and
for cobalt and plurtonium valences. Analytical cdata are shown in
table 1C.

Table 10

URANIUM AND VALENCE ANALYSES FOR CoF; BED MATERIAL

First Inch _
from Inlert, Next 2", Next 3", Last 6",

VL. n VL. wt.n Wt
Co (III) 6.6 - - -
Co (1I) 33.5 - - -
Pu (IV) 4,2 - - -
Pu (III) 2.3 - - -
Pu (VI) <0.2 - - -
v 4.1 1.1 1.4 0.1 ‘

These data indiczte that the reaction between PuF¢ and CoF: is not ex-
actly analogous to that of NpFes but that some of the PuFe¢ is being re-
duced to the trivalent state. This presents no problem since Puf; is
nonvolarile and the retention mechanism world be the same as for Puf..
A wotzl 0F-1.1 wi.Z U was found in the bed materizl., This is signili-
cancly lower zhen the 5-10% normzlliy found in similzr runs where only
rnitrogen or EF drying was emploved, confirming that most of the uraniunm
recention was caused by reaction of UF, with resicduzl water iIn the
pelliet bec. , ‘
An overzll bed loading of 1.2% was obtained. However, the first inch
contained 7.1 wt.% Pu. It is believed that even the 7.1 wt.Z Pu is a
very comservative value and that a bed loading in excess of that value
could be obtained. Fimally, it is concluded that a system designed to
remove NpF¢ would more than adequately remove the PuFs.

Nentunium and Plutonium Recoverv

Physical observations of the CoF: bed marerizal indicated that insignifi-
cant deterioration of the pellets occurred during the trapping run. The
physical strength of the pellets was sufficient for reuse if the neptum-
ium and plutonium could be removed.

Experiments were conducred to investigate methods of recovering neptunium
and plutonium from a loaded trap and recovering the CoF; for reuse. Dur-
ing the rrapping operation, part of the CoF. is oxidized to CoFs. Since
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this was investigated and shown to be possible. The procedure consists
of reacting the lipF. and Puf. with elemental fluorine to reform the vol-
atile hexafluorides which can be collected in a series of cold traps.

It wvas determined that at a reaction temperature of 370°C, the neptunium
and plutonium can be effectively removed to a level 20.4 wt.X Pu and
=0.) wt.%X Np. The CoF; can then be reduced back to CoF. using hvirogen

at 260°C and the pellets reused.

Cofs decomposes to a hy
able

h
]

n

It was previously noted that above 315°C some deterioration of the pel-

lets occurred. This was observed in the drying studies with the wet
pellets. In these recovery tests the pellets were completely drvy
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initially, and no dusting or other deterloratlon was noted.

These data indicate that the loaded bed can be regenerated if necessary
or desirable. If this clean-up procedure were to be conducted on a

large scale, the hazards involved in handling relatively pure NpF¢ and
Pur¢ must be carefully considered. In addition, very efficient cold
traps-or other devices must be used to collect the evolved hexafluorides
for recovery or disposal. While the .economics have not been fully de-
fined, it is suggested that a loaded trap contains the transuranic fluor-
ides in a fixed solid form which should be suitable for long-term radio-
active waste storage. Discard of a filled trap should be given serious

consideration.

Impuritv Removel from Licuid UFe

Utilizztion of the Cof: trapping svstem as & gas phase operation could
require modification of the ngeeeL flow sheet of the nuclear fuel re-
processing cycle to include 2z vaporization step. 1I, however, this
process could be extended to include the purification of liguid UF,,
then iz would have grezter versatility.

Scoping studies were conducted
remove the traasuranic impuziti
graz cf the systerm which was used is shown im Zigure 6 AT
mixture coataining approximately 250 ppm Np (U basis) was prepared in
a2 specially modified and fluorine conditioned type 5A cylinder. The
mixture was heated to 100°C and drazined, in the liquid phase, through
a nickel trap (0.43 in. by 24 in. long) contzining approximately 30
grams of CoF; pellets. In the initial test the svstem was operated for
three hours with a mass flow rate of 1.2 kg UFs/hr. 1In a second test
a larger trap (3 in.I1.D. by 24 in. long) was used to provide a greater
residence time. The trap was f£illed with CoF., and the pellets were
oxidized and reduced to ensure complete dryness. The trap was then-
filled with liquid UT¢. - The UF¢ was left in the trap for six hours at
100°C and then drzined. Inlet samples were taken while filling the
trap and outletr samples removed while draining the trap. A signifi-
tly higher decontamination factor was obtained for the second test,

can
due undoubtedly to the longer residence time. Operztionzal and analy-
ticzl datz for the two tests are shown in table 11.
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Table 11 : . -

DATA FOR LIQUID PURIFICATION SYSTEM

Test 1 Test 2
Trap temperature, C 100 100
Superficial velocity, f:/sec 0.003 0
Residence time, min 11 360
Mass flow, kg UFe/hr 1.2 _ -
Av. inlet, ppm Np (U basis) 222 48
Av. outlet, ppm Np (U basis) 133 0.48
Av. decontamination factor 1.7 . 100

A field system designed to process 1,000 lbs of liquid UFe¢/hr and pro-
vide an equivalent residence time would require a trap 22 inches in
diameter and 19 feet in length. The physical size of the trap required
and the low processing rate combined with the low decontamination fac-
tors observed make this system very unattractive. It is concluded that
while the liquid purification system using CoF; might be useful for
some specialized application it would not be feasible for the routine
purification of liquid UFe.

Two additionzl factors should be emphasized in the use of the Cof. re-—
duction svstem. The cobzlt fluoride trap should contain a sintered
metz]l filter in the trzp outlet section of approximately 2 micron size.
This Zilter is important to remove fine sclid materizl from the gas
strezm such as neptuniur and plutonium tetrafluorides which are formed
in the trzz. Use of the trzp should zlso be limited to UTe streams
which do not contzirn fluorine or other oxidizing agents wnich could
preferentizlly oxidize the Cofs to CoF: and thereby reduce the trzp

capacicy.

CONCLUSIONS

A process has been developed and demonstrated on a laboratory scale to
selecrively remove trace quantities of neptunium and plutonium hexa-
fluorides from a gaseous mixture with uranium hexafluoride. The process
uses a fixed bed of cobaltous fluoride pellets through which the con-
taminated UFTe¢ is passed. Neptunium and plutonium hexafluorides are
converted to nonvolatile tetrafluorides by reacrion with cobalt di-
fluoride and are retained in the pellet trap by a sintered metal filter

at the exit end.

At inlet concentrations up to 100 ppm (U basis) decontamination factors
of 200 to 400 were obtzined for neptunium and of approximately 100,000
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for plutonium. Nominal operating conditions for the process-are. 150°C
at a gas velocity of 1 ft/sec. This process should not be used when the
gas stream contains free fluorine, and it is considered to be practical

only for & gas phase operationm.

Studies related to liquid phase sampling of UFs contaminated with nep-
tunium and plu:onium have led to the conclusion that such samples should
be taken through a fine sintered metal filter. This procedure will re-
move particulate matter and result in & more homogeneous sample. Samples
taken in this manner will not represent the total transuranic content in
a cylinder but will provide a better estimate of the amount of trans-
uranlic hexafluorides which could be vaporized out of & cylinder into

the diffusion plants,
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Appendix A

SAMPLING CONSIDERATION

The present specifications for UF¢ to be used for diffusion plant feed
require the activity from transuranic elements, which for all practical
purposes are limited to neptunium and plutonium, to be not more than
1500 disintegrations per minute per gram of uranium. It is further
specified that all analvses shall be performed on liquid samples. As
noted earlier, it is the intent of these specifications to keep the
diffusion plants from being contaminated by these very toxic materials
which would enormously complicate operational and maintenance procedures.

Any process to produce UF¢ would be expected to convert the transuranic
elements also to the hexafluorides. Both plutonium and neptunium hexa-
fluoride are reasonably stable at normal UF, handling temperatures with
plutonium hexafluoride being less stable than neptunium hexafluoride.
Because of chemical reacrivity, thermal decomposition, and in the case
of plutonium also the decomposition due to alpha radiation, the hexa-
fluorides tend to form .mixtures of hexafluorides and tetrafluorides.

By analogy with uranium, the hexafluorides were assumed to be soluble
in UF¢ and the terrafluorides to be imsoluble. Both of these assump-
tions were ultimately confirmed by actual data. Since the tetrafluorides
are not volatile, they would remain in the UFs feed cylinder while the
transuranic hexzfluorides should be vaporized into the diffusion plant
elong with the UF¢. Plant data indicates that approximately one-
fourth of the neptunium originally received in UOQ. was fed to the dif-
fusion plant. Of the totzal plutonium recg;ved, only 2 trace was ever
found to be present in plant equipment. These data support the rela-
tive order of stzbilizy of the two transuranic hexailuorides Iz Uts.

In the past UFs cylinders hazve been liguid sampled for transuranic
anzlvses in the same wmanner as for other impurities. It is recognized
that these samples were tazken from 2 nonhomogeneous sysctem and gave
only an indication of the level of transuranics present. Datz obtzined
in this manner did not represent either the total quantity of neptunium
or plutonium in the cylinder or the amounts which could be vaporized
into the cascade. For these reasons, it was concluded that the best
approach would be to filter the liquid sample at the time the sample
was taken. Thus, only the soluble hexafluorides would be measured,

and it is these materizls which would be expected to be vapor trans-
ferred to the diffusion plants.

In the following sections of this appendix, a number of experiments
are described relating to the preparation and handling of the trans-
uranic fluorides and the development of a system and procedure for
obtaining the necessary samples. These techniques were utilized in
the development of the CoF. trapping system where it was found to be




possible to obtain accurate results even though all transuranic con-
centrations wvere in the parts-per-million or parts-per-bzlli n range.
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Appendix B

MATERIALS AND EQUIPMENT

In recogrition of the toxicity of the transuranic elements, all ex-
periments where significant quantities of neptunium and plutonium
were used were conducted inside a glove gox. The box, of the CENHAM
type, was similar to that of glove boxes in use at Argonne National
Laboratory. Tne box was nominally 13-ft. long, 8-ft. high, and 3-ft.
deep. It was of modular comstruction, 2-1/2 tiers high by 4 wide,
and contained 80 glove ports. Each module contzined 8 glove ports,

4 on each side. A photograph of the box is shown in figure B-1.

Equipment installed in the box consisted of rwo separate fluorination
reactors with associated furnaces, manifolds, and cold traps. Other
necessary apparatus was included for the preparation of NpFe¢ and PuF,,
spiking UF¢ with these materials, sampling and hydrolysis of the result-
ing mixtures, vaporization studies, and sorption and trapping experi-
ments, Facilities for heating and cooling cylinders, vacuum systems
with chemical traps, and temperature measuring equipment were also
provided. A schematic diagram of the fluorination system and gas
pipette system is shown in figure B~-2. All operations involving the
volatile transuranic compounds were confined to manifolds, reactors,
and traps counstructed of nickel. Hoke Type 413* Monel valves with
Inconel diaphragms were used exclusively.

Neptunium hexafliuoride was prepared by reacting neptunium oxide,
obtzined Zrom Oak Pidge Nztionel Laborztory, with elemental fluorine
at z temperature of 540°C using the fluorination system shown in Zig-
ure B~2. The reaction tube consisted of a l-in. 0.D. nickel tube welded
a2t both ends with a thermocourle well positioned directly zbove =

nickel boat contazining the oxide. The volztile NpF¢ Zormed was col-
lected by passing the !pFe~F: effluent stream through three coid traps
arranged in series and cooled to ~78°C using a carbon dioxide trichlore-
trifluoroethane (R-113) slush. After collection in the cold traps, the
NpF¢ was purified by trap~-to-trap distillation under vacuum.

Preparation, collection, and purification of plutonium hexafluoride was
conducted by a similar procedure except the starting material was PuF.
whnich was obtained from Hanford Atomic Products Corporation, Richland,

Washington.

The purity of the hexafluorides was checked by measurement of the vapor
pressure at the ice point (0°C). The observed vapor pressures of UF,,
NpF¢, and PuF¢ are shown in table B-l and compared with values given

in the literature. The NpF¢ was stored as a solid while the Puf¢ was
diluted with helium and s:ored as a gas in a prefluorinated nickel

cylinder.

*Hoke, Incorporated, Cresskill, New Jersey.
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Table B-1 : -

VAPOR PRESSURES OF NpF¢, PuF,, ARD UF, AT 0°C

Observed Literature*
Pressure, Value,
Compound _mn He _mm He
UF, 18.0 17.5
IipFe 20.6 : 20.8
PuFe 17.5 17.6

*Weinstock, B., et al., J. Inorg. lucl. Chem., 11,
104-114 (1959).

Neptunium tetrafluoride was prepared by the reduction of NpF¢ with
elemental bromine as shown in the equation:

3 NpFe + Bra = 3 NpF., + 2 BrF,

Reprunium hexafluoride was condensed into z fluorothene tube at -195°C
and an excess of bromine condensed onto the NpF¢. The resulting mix-
ture was slowly warmed to approximately 75°C. During this time the
sample color changed to light brown as the bromine penezrated the solid
and then to green, indicative of NpF.. The product was purified by
vaporization of the veolztile fluorides and Zree bromine. Vzlence
analvsis characterized the sample as lpr..

Prevarztion of UF¢=NoT, and UF ~Pul, Mixes

The initizl UF,-KpFe¢ mix:, designated lip-l, was preparec using the gas
pipette svstem shown previously in figure 3-2, £ measured NpFe pres-
sure was admitted to 2 known pipette volume and subsegquently transier-
red from the pipette into the receiving cvlinder. Uranium hexzfiuoride
was then passed through the pipette and into the cylinder. PVI mea-
surements were used to calculate the theoretical concentration of

the mix. The Np-l1l mix was used as 2 master mix for preparation of
lower concentrations of UF¢-NpFe¢ mixtures. A dilution technigque was
employed whereby three subsamples of UF¢-NpF¢ were removed from the
master mix. Two of these were analyzed for neptunium and the third
was vaporized into a cylinder and diluted with pure UF¢ to obtain the
desired concentration. Analyses of wash solutions from the sampling
tube and vaporization adaptor fitting allowed the necessary correc-
tions to be made to compensate for the NpFe¢ which decomposed on equip-
ment surfaces during the transfer of the NpF¢ from the sampling tube
to the cylinder,

The piperte system was also used to prepzre the initial UF¢~Puf.
mixture; however, the majority of the PuF¢ was reduced in the mani-
fold lines due to the greater reactivity of the PuFs. This method

-3
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was abandoned, anc s dilution metrhod was devised vhereby a measured
quantizy of pure Pul, was collected in 2 fluorothene tube, vaporized
into 2 cylinder, anc ciluted with UT¢ to obtain the desired concen-
rezion. CSatisfacucry resulis were obtained by this method.

Samcle Bandling

The sampling experimenzs are described in appendix C., While differ—
ent techrniques were attempted to obtzin samples, the sample handling
and analyvsis procedure was consistent with one exception. 4ll samples
were talken into a sample tube as shown in figure B-3. The tube shown
was constructed of copper wnhich is the preferred mzteriazl. Tubes of
gimilar design but made f{rom Ifluorothene were also used. Under most
circumstances these zre satisfacrory, but the fluorothene does absorb
2 smzll amount of activity which can introduce a bias in low activity
samples. The bias can be either positive or negative depending on

the contamination level and the sample tube history.

To prepare the sample for analysis, the sample tube was cooled in dry
ice slush, the brass plug and flare nut removed, and the tube contents
dissolved in a solution of 6 N nitric acid and 0.1 M aluminum nitrate.
If the copper sample tube is used, it also dissolves in the hydrolysis
solution. This causes no difficulty in the analvsis and eliminates
bias problems and tute cleaning which is an uncertain ar-t zt the low
concentracions.

Neptunium and plutonium anzlysis was accomplished bv first separating
the neptunium and/cr plutoniuz from the uranium by solvent extraction.
The transuranic elemenzs remzin in the organic phase which is zlpha
cowzed to determine the amount present. TIThe lower limi: of neptuniux
detectabilicy was 0.0l ppm on & uranium basis zndé 0.05 ppb for pluton-
iuz., All meazsurements zbove these lower limits cof detectabilizy zre
Tepcried as pesitive valiuss.

!
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Apvendix C

SAMPLING LXPERIMEKRTS

The primary goal of the initial experiments was to develop a sampling
technique that could be applied to plant cylinders to obtain a repre-
sentative sample of the materizl being fed to the cascade. To this
end, a series of experiments was conducted using both nickel and steel
equipment where it was intended to show that samples taken through a
filter would predict the amount of transuranics that would be trans-
ferred by a simple vaporization process. Also, the tests were designed
to show that unfiltered samples would be unsatisfactory. Only the
latter goal was entirely achieved, but much information pertaining

to the behavior of the transuranic elements in UF¢ was obtained, and

a practical sampling method was developed which should serve the pur-
pose of protecting the diffusion plant.

Initial sampling and vaporization studies were performed in nickel
containment vessels. These cvlinders were designed to safely contain
one kilogram of UF¢. A 1l/4-inch copper coil was soldered on the ex-
ternal surface of each cylinder to permit either steam heating or cool~-
ing by circulation of a refrigerant. Before use, the cylinders were
thoroughly cleaned, dried, and pretreated with fluorine to form a pro-
tective nickel fluoride £film to minimize reduction of NpFe and Pufe
through contact with the nickel surface.

The generzl procedure which was followed in most of the sampling ex-
periments is described below. 4 UF¢-KpFs¢ or UF¢-Pufe mixzture o che
desired concentraztion was prepzreé in a2 cvlinder by the dilution tech-
cigue. The mixture was liquifiec and held zt 100°C for approzimstely
24 hours with occzsicnzl shaiiing to ensure homogenei:y. Ten or mere
liguid samples of approximztely 5 grams each were removed for snzivsis.
The remzining mizture was then tetzlly vaporized into a2 second clezx

e o & d
e

cylinder whicn was homogenized and sampled inm a2 similar manner umzil
zll the remzining materizl was removed. Both contziners and £ilters
were washed with hydrolysis solution and 211 washings and soluzions
anzlyzed. TFinally, a materizl balance was calculated for each mixture.

The early sampling and vaporization tests were in the nature of explor-
atory investigations to define the mzjor problem areas of sampling low
concentration mixtures of NpF¢ and Puf¢ in UF¢. Severazl things were
apparent from these experiments. Some NpF¢ and PuFe¢ was always reduced
through reaction with container walls even though a protective nickel
fluoride film had been predeposited on the-metal surfaces. is par-
tial reduction produced a two-phase system composed of soluble NpFe or
PuF¢ and insoluble Np¥. or PuF. which greatly complicated the problem
of obtaining representative samples. The dilution method of producing
low concentration mixes appeared to be a satisfactory technique for
obtzining desired neptunium and plutonium levels provided allowance
was made for some reduction and subsequent retention in the transfer

system.




As & result of these experiments, it was concluded that in order to
obtain reproducible results, even from these carefully prepared mix-
tures in clean stabilized systems, it would be necessary to f{ilter

the liquid samples being withdrawn to exclude particulate NpF. and/or
PuF.. A technique was emploved whereby samples were passed through a
ricron-sized sintered metal filter prior to.entering the sampling tube.
Finally, since the plant cylinders are steel, a few vaporizations were
done using steel cylinders rather than nickel. The results of these
tests are given in tables C-1 and C-2.

Considering first the neptunium data (table C-1), several points should
be noted. Mixtures prepared in nickel cylinders resulted in a concen-
tration of 50 - 707 of the expected value. But if steel cylinders were
used, the highest percentage obtained was only 25X in mixture 12. 1In
the more dilute solutions, the vield was as low as 1X of the expected
value. This is not unexpected since, as was noted in the development
of the CoF,; trap, both neptunium and plutonium hexafluoride are easily
reduced. No specific analysis was made, but subsequent data convinc-
ingly indicates that nonvolatile tetrafluorides are formed. The mechan-
ism likewise was not investigated, but it is presumed that the metallic
walls of the cylinders and system are involved in the reduction. It

may also be possible that UFy which would be present, particularly in
the steel cylinders, could be involved in reducing the transuranics.

After preparing the mixtures and obtaining the liquid samples, the mate-
rial remaining in the cylinder, representing approximately half of the
original mixture, was vaporized into a second cylinder. In the early
runs, 7 and 8 for instance, the material was vaporized directly, but in
most later runs the gas s:tream was filtered prior to condensation in

the second cylinder. The concentration in the second cylinder was then
determined by hvdrclyzing the entire cylinder contents and washing the
cvlinder wizh the nitric acid-a2luminum nitrzce sclution. Iin the rums
where the gas stream was not filtered, 7, §, 9, 17, and 18, the neptu-
nium concentrations were higher than determined by the criginzl liguid
samples. This mezns that there was a significant zmount of carrv-over
of KpF. dust during the vaporization and indicates that regardless of
other considerations the diffusion plant feed must be filtered. 1In

2ll the cases where a filter was used, the neptunium concentration

of the vaporized material was below that of the filtered liquid samples.

The fact that the filtered vaporized marerial always had a lower nep-
tunium concentration than the original filtered samples was not expected;
they should be the same provided no decomposition occurs during vapori-
zation. As will be showm, NpF. is insoluble in UF¢; thus, the only
neptunium being measured in the filtered liquid samples should be the
soluble NpF¢. Ome possible explanation for this discrepancy could be
that additional NpF¢ reduction occurs in the transfer lines and gas
filter during the transfer. This happens to & limited degree, and some
neptucium is found in the filter. However, based on the runs where a




Hix No.

Nominal Cohc,, ppm J

Actual Conc., ppm?
By filtered liquid esample
By unfiltered liquid eample

0f vaporized materinl
Type Cylinder
Fllter {n Vapor Trans{er Line

Haterlal Balance, ug
Added
Removedt
In samples & conditioning
ln system vashings
In vaporized UF,
Total

Hissing#

Recovery, X

LE

s
LEx, Unfiltered Snmples

Filtered Samples

300

193
166
194

[

28
52

10 8
Joo 3.0
196 1.84%
193 -

- 1.94
111 13

- to

- 855

- 25}

- 165

- 214

- 692

- 16]

- 81

17 0.28

19 -

0.87

1.63

Hao

543

105

a8
174
367

176
67

0.27

Tahle C~1

NEPTUNIUM SAMPLING TESTS

#*rarentheses indleate ameinta found ahnve amounts added.

U 9 15 23 19 11 12 11 17 21 18 j
(Rlank)
0.12 0.15 [+} 21.8 24 16 15.7 13.4 9.2 0.4&4
0.12 0.093 0.0 0.27 2,21 .87 3.96 2.16 0.16 0.018 Q.04
- - - - - - - 3.10 3.53 - 1.57 -
0.06 0.2) 0.07 - 1.19 3.81 0.27 0.3 0.86 - 0.14
n {3} ni Fe Fe Fe Fe Fe Fe Fe Fe
Yen Ho Yes No Yes Yen Yes Yen No - Ho
n 39 0 - 6419 4312 4836 3910 2605 - 130
25 12 10 - 248 J66 212 162 62 - 5
15 28 § - 5760 Joa4 §159 3634 2724 - 98
7 34 9 - 108 542 39 29 173 - 16
67 74 23 - 6115 31992 4610 3796 2959 - 119
(29) (35) (2)3) - 324 320 226 e2 {354) - 11
174 188 - - 95 93 9s + 98 114 - 91 .
0.11 0.041 - 0.11 0.44 0.75 10.5 2.78 0.13 - 0.05
- C - - - - - 7.7 10.0 - 1.56 -

8¢t



Table C-2

PLUTOHLIUM SAMPLING TESTS

1 1-2 2 3 3-2 4 4-2 4-3 5
Homi{nal Conc., ppm 3.7 9.6 11.1 39 22 1206 53 0.0038 115
Actual Conc., hrs/ppb 24/1.4 24/0.7 24/3.4 24/1.8% 24/0.6*% 22/39,900 15/834
24/2.1%% 24/26 ** 43/36,100 17/65
b 2375040 19/67
93/11.7 36/3.9

- 49/5,2 38/11
54/0.4 40/5.4
42/2.7

- 63/0.4

65/0.2

In Vaporized UFe, ppb - 9.1 2.8 - 80

Material Balance, ug
Added - h476 3370 24784 A 34200
Removed:

In samples & con-

ditioning - 0.4 <] 2 5510
In system vashing - 81.7 721 17986 18870
In vaporized UFy - 2.5 <1 9 . 20
Total - 84.7 722 17997 24400
Ilssing - 4391.0 2648 6787 9800
Recovery, % - 2 21 73 71 o

*Fluorothene sample tubes.
**Cu sample tubes.

-RC
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£ilter was not used and high neptunium concentrations were found in the
vaporized UF,, it is concluded that most of the neptunium fqﬁnd,in the
filter was dust carrv-over, i.e., Npf.. While some reduction probably
occurs, this does not appear to be a likely explanation of the problem.

Another possibility lies in the relation between the insoluble NpF. par-
ticle size and the pore size of the filter. A two-micron filter was
chosen, more or less arbitrarily, for both the liquid sample filtering
and for gas stream filtering during veporization. The particle size of
the NpF. could be smz2ller than two microns. Considering the possible
reduction mechanisms, cylinder walls, or UFs;, it would be likely that
any lipf¢ reduced by UF, would be in the form of very small particles
considering the concentration of the reacting materials. However, there
is at least some data, mixture 21, where almost no neptunium was found
in the filtered UF,. Obviously, little or no lipF. passed through the
filter in this case.

The most convincing evidence that the filter is effectively filtering
out the solids lies in the precision of the data obtained with a fil-
ter compared to that obtained without the filter. Table C~3 summar-
izes the precision of 211 the sampling data.

Table C~3

NEPTUNIUM DATA PRECISION
FILTERED VERSUS UNFILTERED SAMPLES

¥ * Y1Ee

Nepsunium Cenc., ppm: <1 1-10 > 10

Filtered Samples * (21) 0.02z128 (8) 1.84= 15 (1) 193=15

(18) 0.04&=125 (11) 2.1ez12¢ (10) 19€z ¢

(9) 0.09z &L (1e)y 2.21= 20

(14) 0.x2z <2 (13) 3.&7z 22

(22) 0.27= <2 (12) 2.09€22¢5

(17) 0.36éz €2

(7) 0.87z 31

Average: 79 * 90 = 12

Unfiltered Samples (21) 1.57%100 (12) 3.10=248 (1) 166224

(11) 3.53=282 (10) 193:10
(1) 184=232

Average: =100 *265 * 22

*Parentheses indicate mixture number.

One would expect that the scatter of the sample results would increase
as the concentration decreases for reasons such as the increasing ease
of contamination and the decreasing counting precision at lower count-
ing rates. This is seen in the {iltered samples where the average limit
of error increases from 127 to 80-90% 2t the lower concentratioms. 1f
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one were to omit mixture 12, which appears to be out of line, one then
would see the expected progressive increase in LE a2t decreaging.
concentratiorn. R

In the uniiltered samples, in addition te the contamination and counting
problems menticned above, one has to expect more variation because of =
prebable unhomogeneous mixture. This was reflected in the data where
the limit of error was 100-300% at the lower concentration levels. At
the 200 ppr level the influence of the filter was nuch less, bur szill

the filtered samples were more precise.

While considering precision, a few generzl observations might help to
place the problem in perspective. In comparison to much laboratory
datz, the precisions obtained do not appear to be very satisfactory,
and this in fact did result in many problems in interpreting the data.
The foremost problem was contamination which was very difficult to
control at these low levels. Consider for a moment that most of this
work was done in a glove box which also contained relatively large
quantities of the volatile pure neptunium and plutonium compounds, and
one can perhaps realize the difficulties faced. Also, it was increas-
ingly realized during the studies that every piece of equipment, be it
manifold, valve, filter, or sample tube, was apt to either add to or
subtract somewhat from the neptunium or plutonium inventory depending
upon its previous exposure history. For example, the blank run 15
(table C-1) shows quite well where the excess neptunium came from that
was found in runs 9 and 14. While the majority came from the sample
tubes, some was zlso found in washings from various parts of the system.

The most convincing evidence that the sampling data obtzined were reli-
2ble znd bias Zree, in spite of :the problems faced, lies in the materizl
bzlances obtained for most of the mixtures. Mixes 1 and 10 were the
base mixtures which were diluted to make up the remzining mixtures.
Mixzuvres 21 zncé 23 were used Zor specizl tests and no balances were
optzined. VWhere Szlznces zre given It is believed tha: cthe recovery
should be considerec highlv sztisizcztory considering the circumstances.

Returning to the originzl goal of this pzart of the studieg, that of
the development of z sampling program thzat would obtain samples which
would represent the materizl being fed to the diffusion plant, it is
believed that insofar as neptunium is concerned this goal has been sub-
stantially achieved. Assuming that the feed stream will be filtered,
which these studies indicate should be done, then the filtered liquid
samples will give the best representation found of the amount of nep-
tunium thar will be f£ed to the diffusion plant. One can say with
coniidence that when particulates are controlled the value obtained
will not be exceeded. There is some indication that the samples will
indicate more neptunium being fed thanm will be the actual case, but
it is a2t best tenuous to compzre the laborztory vaporization svstem
to the considerably different plant egquipment.

Considering the verv similar chemistry, the method developed for obtain-
ing the neptunium samples would be expected to be satisfactory for plu-
tonium., Nevertheless, a few plutonium mixtures were made up teo obtain
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experience in the properties of the mixtures and to confirm the sampling
procedure. The results have been shown in table (-2, and there were
some significant differences between the properties of plutonium and
neptunium mixturees.

»

The most pronounced difference was in the stability of the mixtures.
Whereas the high level neptunium mixtures, 1 and 10, were kept for months
with little change, the plutonium in the mixtures was reduced very
rapidly. Tor example, the first four mixtures prepzred were supposed
to contain from 4 to 40 ppm plutonium, but after 24 hours homogeniza-
tion time the highest concentration found was only 2.4 ppb. These and
-all other plurtonium mixtures were made up in well condirioned nickel
cylinders, but no success was achieved in preparing plutonium mixtures
until those containing more than 100 ppm plutonium were attempted in
mixtures 4 and 5. Even in these cases the reduction was essentially
complete after a few days.

4l]l samples were taken through filters, and considering the low level
results it is clear that the filters were effective in filtering out
the reducec plutonium. The accuracy and precision of the samples was
a bit more difficult to establish than was the case with neptunium
because of the extreme reactiviry and because contamination was even
a more difficult problem atr the parts-per-billion level. Material bal-
ances were attempted with some success, but since azlmost none of the
plutonium was soluble these yielded little positive information as to
the accuracy of the samples. Mixture 4 which was diluted twice (mix-
tures 4-2 and 4-3) provides the only information on accuracy in that
the inirial samples did approximate the czlculated concentrations.

In mixture 4 the 22-hour sample was 39.9 ppm versus 126 calculated
while fer 4-3 the measured value was 5.2 ppb versus 3.8.

Daza on sampling precision zre giver in zeblie C-4. Iz the 5 - 40 ppm
range the lirit of error (95X coniidence) of a2 single dezerminztion
is zbout 177 while at the 1-25 ppb level the precision is zbout 1237,
These values zre similzr to those found with neptunium zt comparable

count levels.

Considering the datz, the properties of the two compounds in question,
and the gozls of the program, it is concluded that the method of taking
liquid samples through a Z-micron filter is a satisfactory method for
estimating the amount of neptunium and plutonium that would be fed to
the éiffusion plant, assuming that the material will be filtered prior
to introduction to the plant. Any error will be on the conservative
side in that the amount of impurities that would be estimated from
these samples will probably be in excess of thar actually fed.

simple vaporization through a filter apparently results in some re-
durtlon of the neptunium concentration but not sufficient to be useful.
The reason for the reduction is not clezr, and the reaction does not
appear to be sufficiently controllable to be useful as a technigue
for obtaining decontamination with large cvlinders and plant systems.
The data, table C-5, are quite scattered, but since it is believed
that no practical use could be made of this phenomenon, no attempt
was made to improve the data.




Table C-4

PLUTORIUM SAMPLING PRECISION

Plutonium Conc., LE,,
_ppm _pob “
5.0 18
36.1 16
39.9 18
Av.. 17
0.22 73
0.26 123
0.36 142
0.59 48
0.69 88
1.4 66
1.8 129
2.1 121
3.4 175
3.8 116
5.2 189
11.7 B0
25.6 262
Av. 124

KEPTUNIUX DECORTAMINATIORN FACTORS
ACROSS VAPORIZATION STEP ’

Neptunium Conc., ppm

Mixture  Pre-Vaporization* Post-Vaporization* DF
14 0.12 0.06 2.0
19 2.21 1.19 1.9
13 3.47 3.41 1.0
12 3.96 0.27 15
11 2.16 0.30 7

*Mixtures were vaporized through a2 sintered metal filter.

The filters through which the samples were taken were obtained from
Motr Metallurgical Company and were designated as 2-micron size fil-
tration grade. Figure C-1l.
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Appendix D

SOLUBILITY OF NpF. AND PuF. IN UF,

One objective of the sampling studies was the development of a method
for predicting the volatile Np(VI) and Pu(VI) contained in a cylinder.
Studies had confirmed that the method of filtering samples was satis-
factory for precluding the particulate Np(IV) and Pu(IV) from samples.
Also these studies had indicated that the solubiliries of the tetra-
valent fluorides was low, but the extent of their solubility in liquid
UF¢ had not been determined. Studies were conducted to investigate
this area.

Two mixtures were prepared, the first containing 200 ug of NpF. per

gram of UFs (200 ppm) and the second with 7.3 ug of PuF., per gram of

UF¢ (7.3 ppm). The mixrures in nickel cylinders were heated to liquify
the UF,, agitared, and allowed to stand a minimum of 24 hours. Fil-
tered liquid samples were taken, using the established techniques, and
then analyzed for neptunium and plutonium. The results of the individual
analyses are given in table D-1. Over the temperature range investigated,
80-120°C, no temperature effect was seen. The solubility on a metal
basis, i.e., Np/U or Pu/U, was less than 18 ppb for NpF. and 4 ppb for
PuF.. At these extremely low levels, the experimental techniques, par-
ticularly from contamination, preclude obtaining precise data, but the
results obtained are considered quite consistent.  Any bias would be
expected to be positive. The field test of the sampling procedure de-
scribed next provides additional dataz which indicates the PuF. solu-
biliry is considerzbly less than 4 ppb. : -

Tzble D=1

SQLUBILITY OF NpF. and PuF, IN UT,

Npf.. pob* PuF., Dod*
90°C 105°C 120°C 80°cC 05°C 110°C
10 30 30 6.9 1.9 3.7
10 30 20 3.7 7.6 3.8

<10 40 20 2.4 5.7 2.7
10 <10 <10 3.0 4.4 2.1
20 10 <10 - - 3.5
10 10 <10
20 20 <10
10 20 <10
- 20 <10
- <10 <10
Av. 13 20 14 4.0 4.9 3.2

*Np/U or Pu/U basis.
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The data from the solubility studies provides additional evidence thsat

the sampling procedure developed is adequate for sampling a~ fwo-phase
system. The upper limit for the solubility of NpF. and PuF. will not

significantly bias the sampling of minurely contaminated material,
end the results can be considered as representative of only the vol-
atile lipF¢ and PuF¢ contained in the UF,.




Appvendix E
FICLD TEST OF THE SAMPLING PROCEDURE

A special test, designed to evaluate under field conditions the trans=-
uranic sampling procedure, was conducted using a 2.5-ton cylinder

{No. D-45525) of UFe containing neptunium and plutonium from reproces-
sed foreignreactor fuels. A sampling buggy was converted to a trans-
uranic sampling starion and was constructed to be similar to the
anticipated permanent installation. A schematic drawing of the syvstenm

is shown in figure E-l.

The 2.5-ton cylinder was heated in an autocleve at approximately 100°C
for approximately 14 hours. The sampling system was then conditioned
by withdrawing seven samples through the pipet and lines into the

dump container. A series of 13 filtered samples was taken from the
cylinder followed by 10 unfiltered samples. The cvlinder was then
heated for an additional 24 hours at 93 = 2°C and another series of
10 unfiltered samples was taken followed by 10 filtered samples.

The samples were taken in copper tubes, and each tube and its con-
tents were put in solution with 6 M HNGy - 0.1 M A1(NO,)».

It was anticipated that each sample would be approximately 10 grams;
however, early samples were more in the neighborhood of 1 to 3 grams.
The system was obviously not completely conditioned as may be seen by
the data in table E-~l. After the first 10 samples had been taken,

the pipet temperature was lowered slightly to ensure that the contents
would be liauid and the sample size increased accordingly. This ex-
perience points out the necessity for withdrawing enough materizl
through the sampling systex to thorougnly condition the surfaces or
low results will be obizined. The complete set of sample dzta is
sumerized in tzble Z-1.

gble -1

SAMPLING SUMMARY

Neptunium Conc.. ppb Plutonium Conc., pob

Sample Set Filtered Unfiltered Filtered Unfiltered
1 10%* 61=25 0.084%* 35.6x17.4

2 17 10157 0.61x0.29 31.7%16.5

*System not stabilized
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The plutonium data in the table were converted from the counting results
on the basis that 407 of the alpha activity was due to ***Ry and 60% to -
*’’Pu. On a weight basis this means that approximatély 99.8% of the
plutoniuc was the 239 isotope.

While these data may not be exactly typical in that this was a small
crlinder (2.5 ton) which had been liquified and sampled at least once
previously, the data are quite useful and generally support the orig-
inal laboratory conclusions. First, there is a large difference between
the filtered and unfiltered data. At least €3% of the neptunium was -
reduced, assuming the true value is near the less than 17 ppb value
reported for the second set of data. A different interpretation of

the 17 ppb neptunium value is that there is no NpF¢ present and the
measured value represents the solubility of NpF.. Using this route,
one could also perhaps include the less than 10 ppb value determined
frow the first set of samples. Either explanation is reasonable

and is not inconsistent with previous data which indicated a sol-
ubility of less than 18 ppb (appendix D).

Considering the plutonium data in the same manner, one would conclude
that at least 98% of the PuF¢ was reduced, or that the solubility of
PuF. was 0.61 ppb, or less than 0.08 ppb as determined from the set 1
samples. These values compare with the PuF, solubility value deter-
mined in the laboratory of 4 ppb. The fact that essentially all of
the PuF, was reduced agrees with all the laboratory data, but there is
no way to distinguish berween 98% reduction which is what the second
set of samples indicate or 100% which would be the case if the solu-
bility of PuF. is 0.61 ppb. Having experienced the contamination
problems that were encountered in this program from the beginning,
one is most prone to zccept the lowest of any possible values as the
most likely to be correct. Using this reasoning leads one to accept .
a value of less than 0.08 ppb for the solubility of PuF. in UF,.

The sclubility value of C.0E ppb for PuF. iIn UFy is zppreiimately
equivalent to 11 ¢ dpm/gl due to ~*°Pu, Wnile at these low levels

it is sometimes cifficult to be explicit zbout dztz interpretaticn,

it i
it can be fzirly concludec that the sampling procedure was successiul
and that it has been zmply demonstrzted the filtered samples provide

the best representation of the composition of the UF¢ being vaporized
from 2 cylinder. At the same time this work shows the necessity for

attention to detail and care that is necessary for obtzining good,

representative samples.




